PA59 Effect of glycosaminoglycan depletion on proton T1p-relaxation of articular cartilage  by unknown
$38 
tilage exhibits lower PG concentration than the deep tissue. 
Further, in most samples a decrease in T1 near the cartilage-bone 
interface was observed, also in agreement with the literature on 
PGs. 
Conclusions: The results suggest that changes in the spatial 
variation of PG concentration may be revealed non-invasively 
using the present MRI technique. While work on the quantitative- 
ness of the technique is yet necessary, dGEMRIC appears as a 
promising technique for the assessment of spatial changes in PG 
content, and is a potential tool for the detection of early OA. 
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Purpose: To determine the efficacy of a novel method to sup- 
press the contribution from fat/lipid signal during T 1p-weighted 
MRI. 
Introduction: The spin-lattice relaxation time in the rotating 
frame, or T lo  provides an alternative contrast mechanism than 
conventional'Tr- and T2-based MRI methods. This parameter is 
dependent on the macromolecular environment of the water in 
the tissue and therefore may be used to map proteoglycan con- 
tent in articular cartilage. During musculoskeletal imaging howev- 
er, fat suppression techniques must be employed to increase the 
contrast between the water-abundant tissues of interest (such as 
cartilage) and fatty tissue (e.g. bone marrow). 
Methods: A three-pulse (900-spinlock-900) TID pulse cluster 
was pre-encoded to a conventional 2D fast ~pin-echo (FSE) 
imaging sequence. Fat suppression was achieved by setting the 
length of the spin-locking pulse such that the fat spins are 900 
out of phase from the water spins at the end of the pulse. The util- 
ity of the pulse sequence was demonstrated by obtaining images 
of a water and vegetable oil phantom and in vivo in the human 
wrist joint on a 1.5 Tesla GE Signa MR scanner. For comparison, 
unsuppressed Tlp,-weighted images were obtained by setting 
length of the spin-locking pulse to the time when fat and water 
spins are in phase. Simulations of the BIoch equations were per- 
formed to determine dependence of the fat signal on the imaging 
parameters. 
Results: The images of the phantoms show a marked decrease 
in the signal intensity of the vegetable oil phantom in the unsup- 
pressed (7600 a.u.) and fat suppressed (1300 a.u.) images while 
the water signal remained relatively unchanged. The average 
background signal was 1000 (a.u.) in both images. Employing our 
technique in imaging the wrist joint significantly reduced the fat 
signal from the bone marrow in the small bones of the wrist. We 
confirmed our results with simulations of the Bloch equations for 
the pulse sequence response. 
Conclusion: We have demonstrated the efficacy of a novel pulse 
sequence to suppress the contribution from the fat/lipid signal in 
T 1 p-weighted MRI. The sequence achieved an additional 80% or 
more reduction of the overall fat signal compared to the non-sup- 
pressed T 1 p image. 
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Purpose: To demonstrate the glycosaminoglycan (GAG) 
induced changes in T 1D-(spin-lattice relaxation in the rotating 
frame) dispersion imagirig in articular cartilage at 4T. 
Methods: T1D imaging experiments were performed on a 4 Tesla 
whole body GE Signa scanner (General Electric Inc., WI). An 11 
cm diameter birdcage coil, tuned to 170 MHz, was employed for 
T1P experiments. The pulse sequence used for T 1D was a Fast 
Sp~n Echo (FSE) sequence pre-encoded with a puls~cluster con- 
sisting of two hard 90 o degree pulses separated by a low power 
rectangle pulse for spin-locking. Fresh bovine patellae were 
degraded in 0.1mg/ml trypsin solution in phosphate buffered 
saline (PBS) for a period of 6 hours. TID images were obtained 
every two hours to monitor the sequentfal changes in T1D relax- 
ation with degradation. T1D maps were computed by fitting the 
intensity of the T 1 p-weight'ed image pixel intensity as a function 
of length of the spin-lock pulse to an appropriate xpression, so 
that each pixel in the T 1 p map represents a T 1 p relaxation value. 
Results: The Tlp values increased with spin-lock frequency and 
plateaued between 750-1000 Hz. There is a linear decrease in 
T 1 p relaxation rate as a function of GAG depletion in cartilage. A 
higher signal intensity present in the map of the GAG depleted 
patella was due to the longer T 1 p compared to that of the con- 
trol patella. Average T lo  was calculated from several pixels in a 
region of interest. The Tlp numbers are highest in the superficial 
zone and decrease towards the middle zone and again show an 
increasing trend towards the subchondral bone. This variation in 
T 1 p seems to closely follow the GAG distribution across the car- 
tilage. 
Conclusions: The linear change in T lp as a function of percent 
GAG loss implies that T 1D imaging can be used to map the GAG 
distribution in cartilage. As the early osteoarthritic hanges are 
primarily accompanied by the decreased GAG, this technique has 
potential in measuring and monitoring the early degenerative 
changes in articular cartilage. 
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Purpose: To develop a methodology to quantify the absolute gly- 
cosaminoglycan (GAG) maps from proton T 1 p (spin-lattice relax- 
ation in the rotating frame) imaging data. 
Methods: The methodology was tested on chondroitin sulfate 
(CS) phantoms and bovine articular cartilage. Seven CS phan- 
toms were made with concentrations of 2,4,6,8,10,15 and 20% in 
phosphate buffered saline (PBS). Four fresh bovine patellae were 
depleted with a fresh degradation media containing 0.1mg/ml 
trypsin in PBS. The amount of GAG depleted from cartilage was 
measured using dimethyl-methylene blue (DMMB) assay. All the 
T1D- weighted images were obtained on a 4 Tesla whole body 
Sig'na Scanner (General Electric, WI) using a 10 cm diameter bird- 
cage coil. A series of T 1 D-weighted images at different spin-lock- 
ing length ('rSL) were'obtained using a fast spin echo pulse 
sequence pre-encoded with a three pulse spin-lock cluster. T lp  
weighted images were acquired on control patellae before pro- 
ceeding for degradation. T 1p-relaxation rates were computed by 
fitting the image data (pixel-by-pixel) toan appropriate theoretical 
expression. 
